Purpose To investigate hCG-β level on postovulatory day (POD) 12 and its fold increase as predictors for pregnancy outcome after in vitro fertilization (IVF) cycles. Methods A retrospective cohort study was performed in total 1408 fresh and 598 frozen cycles between November 2008 and October 2011, which resulted in biochemical pregnancy, early pregnancy loss, or live birth of singleton pregnancy. The serum hCG-β levels of POD 12 and 14 were compared among biochemical pregnancy, early pregnancy loss, and live birth groups. The cutoff values of POD 12 and 14 hCG-β levels and the degree of hCG-β increase from POD 12 to 14 were determined for each pregnancy outcome. Results POD 12 and 14 hCG-β levels stratified based on pregnancy outcomes were significantly different among the biochemical pregnancy, early pregnancy loss, and live birth in both fresh and frozen cycles. Serum hCG-β levels of POD 12 and 14 and the fold increase of hCG-β levels from POD 12 to 14 significantly predict pregnancy outcomes after fresh and frozen cycles. Among these, the cutoff value of POD 14 hCG-β had the highest sensitivity and positive predictive value (PPV). In fresh cycles, the cutoff values of POD 12 and 14 serum hCG-β levels for clinical pregnancies were 30.2 mIU/ mL (sensitivity 81.3 %, specificity 79.6 %, and PPV 92.3 %) and 70.5 mIU/mL (sensitivity 88.4 %, specificity 85.2 %, and PPV 94.7 %). In pregnancies with POD 12 serum hCG-β levels ≥30.2 mIU/mL, the cutoff level of increase of hCG-β for clinical pregnancy was 2.56 (sensitivity 73.6 %, specificity 72.4 %, and PPV 97.8 %). Sequential application of cutoff values such as POD 12 hCG-β and fold increase of hCG-β improved predictability of pregnancy outcome as compared with that of POD 12 hCG-β alone. The cutoff values of POD 12 and 14 serum hCG-β levels for live birth were 40.5 mIU/ mL (sensitivity 75.2 %, specificity 72.6 %, PPV 78.9 %) and 104.5 mIU/mL (sensitivity 80.3 %, specificity 74.1 %, PPV 80.8 %). In the frozen cycles, the cutoff values of POD 12 and 14 serum hCG-β level for clinical pregnancy were 31.5 IU/L (sensitivity 80.4 %, specificity 71.1 % and PPV 90 %) and 43.5 mIU/mL (sensitivity 72.6 %, specificity 71.7 %, PPV 77.2 %). In pregnancies with POD 12 serum hCG-β level ≥31.5 mIU/mL, the cutoff value for fold increase of hCG-β was 2.38 for clinical pregnancy (sensitivity 81.6 %, specificity 71.4 % and PPV 87.9 %). The cutoff values of POD 12 and 14 for live birth were 43.5 mIU/mL (sensitivity 72.6 %, specificity 71.7 %, PPV 77.2 %) and 101.6 mIU/mL (sensitivity 79.6 %, specificity 71.1 %, PPV 78.4 %). Sequential application of cutoff values for POD 12 hCG-β level and fold increase of hCG-β significantly increased PPV for live birth but not clinical pregnancy in frozen cycles. Conclusions Early prediction of pregnancy outcome by using POD 12 and 14 cutoff levels and sequential application of cutoff value of fold increase could provide appropriate reference to health care providers to initiate earlier management of Capsule Early prediction of pregnancy outcome by using POD 12 and 14 hCG-β cutoff levels and sequential application for cutoff value of fold increase could provide appropriate reference to health care providers after in-vitro fertilization (IVF) cycles.
Introduction
Assisted reproductive technology (ART) has been remarkably advanced since its inception in 1978. However, in the USA, the mean implantation rate after each embryo transfer (ET) of women younger than 35 years old still remained 36.8 % in 2010 [1] . Low implantation rate after ART cycles has called for an early reliable biomarker to predict successful pregnancy. Early markers with an abnormal level or rise pattern will allow a clinician to follow patients more closely and expedite diagnosis of abnormal pregnancies [2] . Additionally, early accurate predictor of pregnancy outcome could be helpful in counseling and planning with a patient for a possible consecutive schedule of ART. Hence, the ability to predict pregnancy outcome at the earliest time of pregnancy confirmation would benefit both clinicians and patients [2] .
HCG is a glycoprotein hormone which consists with α-and β-subunits [3] . The hCG is expressed by both cyto-and syncytiotrophoblast of the human blastocyst [4] ; hence, the level represents the size of trophoblastic mass [5, 6] . hCG-β also can be detected in the culture medium of embryo, and hCG-β mRNA transcripts can be identified in human embryos from two cell stage [7] [8] [9] . It has been shown that there is a relationship between hCG level in embryo culture media and embryonic competence [10, 11] . During early pregnancy, hCG can be detected in the maternal serum as early as 6 to 8 days after fertilization [12, 13] . hCG levels are dynamically increased and doubled every 48 h in most normal pregnancies, and this pattern is similar in both in vivo or in vitro (IVF) conceptions [14, 15] .
Several studies have reported various cutoff values of initial serum hCG-β levels, drawn a specific number of days after ET to be useful in distinguishing viable with non-viable pregnancies in the early postimplantation period after ART with reasonable sensitivity and specificity [12, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Additionally, serial serum hCG-β levels and the application of established logarithmic curves were reported to offer more reliable results for assessing pregnancy progression [2, 21, 25] . However, a significant portion of women under the cutoff value may end up having a normal pregnancy, and contrarily, a hCG-β value above the cutoff may falsely reassure a clinician or a patient when an abnormal pregnancy exists [2] . Therefore, search for the better biological marker or cutoff value is in demand.
In the present study, we defined the three major pregnancy outcomes to set up cutoff values for each pregnancy outcome, such as biochemical pregnancy (pregnancy loss before clinical detection by ultrasound scan [26] ), early pregnancy loss (<20 weeks gestation) after a confirmation of a gestational sac by ultrasound, and a live birth. The aim of this study is to establish cutoff values of serum hCG-β and the fold change of hCG-β from postovulatory day (POD) 12 to 14, which can predict pregnancy outcomes in pregnancies achieved with fresh and frozen cycles.
Materials and methods

Study population
The study was designed as a retrospective study. The medical records of patients who underwent fresh IVF-ET (fresh) or frozen-thawed ET (frozen) cycles and got pregnant (positive pregnancy test on POD 12) from November 2008 to October 2011 at the IVF Clinic of Cheil General Hospital, Department of Obstetrics and Gynecology, Dankook University, Seoul, Korea were enrolled and reviewed. A total of 2006 cycles including 1408 fresh cycles and 598 frozen cycles were reviewed, and cycles resulted in either biochemical pregnancy or clinical pregnancy of singleton pregnancy were included in the study. The cycles resulted in heterotopic pregnancies (both extrauterine and intrauterine pregnancy occur simultaneously, n = 3), or pregnancy losses after >20 weeks gestation (n = 35) were excluded. Pregnancies established with embryos with preimplantation genetic diagnosis (PGD) (n = 101) were also excluded, since PGD has been reported to affect hCG-β level [27] . Pregnancies with incomplete or missing POD 12 or 14 data (n = 664) or missing follow-up during pregnancy (n = 66) were excluded. Finally, a total of 784 fresh cycles in 738 patients and 353 frozen cycles in 327 patients were included. This study was approved by the local Institutional Review Board.
Laboratory
The serum hCG-β levels on POD 12 and 14 were collected from medical record review. In frozen cycles, the compatible days based on embryonic age of frozen-thawed embryos were used: In a case of 3 day ET of frozen cycle, the day of ET was calculated as POD 3. The serum hCG-β was rechecked on POD 14, and the fold change of hCG-β was calculated by dividing POD 14 hCG-β level with that of POD 12. The serum hCG-β levels were measured by electrochemiluminescence immunoassay (HCG + β, Roche Diagnostics, Indianapolis, IN). The sensitivity of the assay was 0.6 mIU/mL.
Treatment protocols and clinical procedures
For ovarian hyperstimulation, patients were treated with a gonadotropin-releasing hormone (GnRH) agonist or antagonist using the short or long protocol. ET was performed 3 or 5 days after oocyte retrieval (cleavage or blastocyst stage embryos). In frozen cycles, the endometrial priming was started on cycle day 2 of the conception cycle. After at least 12 days of estradiol (E2) replacement, if the endometrium was ≥7 mm, the frozen-thawed ET was scheduled. The number of cleavage stage embryos or blastocysts to transfer was determined according to individual clinical conditions, including patient age, embryo quality, and the opportunity for cryopreservation, as previously reported [28] .
Pregnancy outcomes
If the serum hCG-β was ≥5 mIU/mL, it was considered as a pregnancy. Biochemical pregnancy was defined as a pregnancy that fails to progress to the point of ultrasound confirmation of gestational sac in spite of a positive pregnancy test. It is characterized by a positive pregnancy test which is not maintained, manifested with a low peak and rapid fall of hCG-β levels [29, 30] . Clinical pregnancy was defined as the presence of a gestational sac using ultrasonography between 5 and 6 weeks of gestation. Early pregnancy loss was defined as a pregnancy loss before 20 weeks of gestation after a confirmation of a gestational sac by ultrasound.
Out of 784 fresh cycles, 196 cycles resulted in biochemical pregnancies, 136 cycles in early pregnancy losses, and 452 cycles in live births. Out of 353 frozen cycles, 83 cycles resulted in biochemical pregnancies, 69 cycles in early pregnancy losses, and 201 cycles in live births.
Statistical analysis
Data were analyzed using SPSS version 21.0 (SPSS Inc., Chicago, IL, USA). The serum hCG-β levels (POD 12 and 14) and a fold change of serum hCG-β between POD 12 and 14 were compared among biochemical pregnancy, early pregnancy loss, and live birth groups. Student's t test or Mann-Whitney test was used for two group comparison. One-way ANOVA followed by Bonferroni's multiple comparison test or KruskalWallis test was applied to determine significance for multiple comparisons as indicated. Receiver operating characteristic (ROC) curve analysis was applied to determine sensitivity and specificity of the cutoff values. The percentage for the area under curve (AUC) and 95 % confidence intervals were reported for each ROC curve analysis. A chi-square analysis was performed to evaluate differences in frequencies between groups. Negative and positive predictive values (NPV and PPV) were calculated based on the prevalence of clinical pregnancy or live birth. The effect of predictors on pregnancy outcome was expressed through adjusted odds ratio (OR) and 95 % confidence interval (CI) which was calculated using regression. For P values, <0.05 were considered to be significant.
Results
Study population
The age of total study group was 34.7 ± 3.8 years old (mean ± SD). The age of the women in the live birth group (34.1 ± 3.5) was significantly younger than those of biochemical pregnancy group (35.2 ± 3.9) (P < 0.001) and early pregnancy loss group (36.2 ± 4.1) (P < 0.001). IVF-cycle-related parameters including BMI, number of previous IVF, number of transferred embryos, basal FSH, E2 level on hCG injection day, and indication of IVF cycles are listed in Table 1 .
POD 12 and 14 serum hCG-β levels
The mean serum hCG-β level on POD 12 in the live birth group was 65.2 ± 32.4 mIU/mL in fresh cycles, which was significantly higher than those of biochemical pregnancy (20.0 ± 17.2 mIU/mL) and early pregnancy loss groups (47.9 ± 30.3 mIU/mL) (P < 0.001). In frozen cycles, the mean serum hCG-β levels on POD 12 in live birth group was 73.0 ± 42.1 mIU/mL, which was significantly higher than those of biochemical pregnancy (29.3 ± 29.1 mIU/mL) and early pregnancy loss groups (51.5 ± 39.4 mIU/mL) (P < 0.001) ( Table 1) .
The mean serum hCG-β levels checked on POD 14 in the live birth group of fresh and frozen cycles were 197.2 ± 98.1 mIU/mL and 222.6 ± 131.6 mIU/mL each. These were significantly higher than those of biochemical pregnancy (fresh cycle, 38.6 ± 42.1 mIU/mL; frozen cycle, 60.2 ± 71.0 mIU/mL, P < 0.001) and early pregnancy loss groups (137.5 ± 87.1 mIU/mL, 148.9 ± 122.1 mIU/mL, P < 0.001) ( Table 1 ). The mean hCG-β levels on POD 12 and 14 after frozen cycles were significantly higher than those after fresh cycles regardless of pregnancy outcomes (P < 0.004 and P < 0.005, respectively).
Fold change of hCG-β from POD 12 to 14
The increase of hCG-β between POD 12 and 14 was calculated by dividing POD 14 hCG-β level with that of POD 12. In fresh cycles, the increase in biochemical pregnancy, early pregnancy loss, and live birth groups were 2.0 ± 1.3, 3.0 ± 1.0, and 3.1 ± 0.8, respectively (P < 0.001). In frozen cycles, the increase were 1.9 ± 0.9, 3.0 ± 1.0, and 3.1 ± 0.9 in biochemical pregnancy, early pregnancy loss, and live birth groups, respectively (P < 0.001) ( Table 1 ). The increase of hCG-β level was not different between fresh and frozen cycles. Cutoff values of hCG-β to predict clinical pregnancy and live birth
To determine the cutoff value of serum hCG-β for clinical singleton pregnancies from biochemical pregnancies, ROC curves were generated in both fresh (Fig. 1a) and frozen cycles (Fig. 1b) . The AUC for POD 12 hCG-β levels (blue line in Fig. 1a) Table 2 ). The AUC for the combined POD 14 hCG-β levels and hCG-β fold increase was 0.868 (95 % CI, 0.817-0.919).
In fresh cycle, the cutoff value of POD 12 hCG-β for predicting clinical pregnancy was 30.2 mIU/mL with 81.3 % sensitivity and 79.6 % specificity. The hCG-β level ≥30.2 mIU/mL predicts a clinical pregnancy with PPV 92.3 % and NPV 58.6 % (OR 16.947, P < 0.001). In pregnancies with POD 12 serum hCG-β level <30.2 mIU/ mL, the biochemical pregnancy rate was 58.6 %, which was significantly higher than 7.7 % in pregnancies with POD 12 serum hCG-β levels ≥30.2 IU/L (P < 0.001). Pregnancies with POD 12 hCG-β levels ≥30.2 mIU/mL resulted in 74.3 % live birth rate as compared to 25.2 % in pregnancies with <30.2 mIU/mL. A cutoff value of 70.5 mIU/mL on POD 14 revealed 88.4 % sensitivity and 85.2 % specificity for predicting a clinical pregnancy. hCG-β levels ≥70.5 mIU/ mL on POD 14 predicts clinical pregnancies with PPV 94.7 % NPV 71.1 % (OR 44.037, P < 0.001) ( Table 2 ). The cutoff value of POD 12 hCG-β levels to predict live birth was 40.5 mIU/mL with 75.2 % of sensitivity and 72.6 % of specificity. A cutoff value of POD 14 hCG-β level was 104.5 mIU/ mL with 80.3 % of sensitivity and 74.1 % of specificity (Fig. 1c, Table 2 ).
In frozen cycle, a cutoff value of hCG-β 31.5 mIU/mL (POD 12) revealed 80.4 % sensitivity and 71.1 % specificity for predicting clinical pregnancy. The hCG-β ≥31.5 mIU/mL Fig. 1 Receiver-operating characteristic curve of postovulatory day (POD) 12 and POD 14 serum hCG-β levels in order to distinguish between biochemical pregnancies and singleton clinical pregnancies in a fresh IVF-ET cycles and b frozen-thawed ET cycles, and either ended as biochemical pregnancies or early pregnancy loss and live birth in c fresh IVF-ET cycles and d frozen-thawed ET cycles. Blue line reflects POD 12 hCG-β levels; green line reflects POD 14 hCG-β levels; violet line reflects increase fold between POD 12 and POD 14 hCG-β levels on POD 12 predicted clinical pregnancy with PPV 90.0 % NPV 52.7 % (OR 10.065, P < 0.001). In pregnancies with POD 12 hCG-β levels ≥31.5 mIU/mL resulted in 72.6 % live birth as compared to 23.2 % in pregnancies with POD 12 hCG-β <31.5 mIU/mL. A cutoff value of POD 14 hCG-β ≥76.4 IU/L revealed 84.8 % sensitivity and 74.7 % specificity. POD 14 hCG-β ≥76.4 mIU/mL revealed PPV 91.6 % NPV 60.2 % ( Table 2) . A cutoff of POD 12 hCG-β level for live birth was 43.5 mIU/mL, which revealed 72.6 % sensitivity and 71.7 % specificity. A cutoff of 101.6 IU/L on POD 14 had 79.6 % of sensitivity and 71.1 % of specificity (Fig. 1d,  Table 2 ).
Serial hCG-β levels and fold change of hCG-β level for clinical pregnancy and live birth
In fresh cycles, 43 cycles resulted in biochemical pregnancy that had decreased hCG-β levels on POD 14 as compared to POD 12. The fold changes of hCG-β from POD 12 to 14 were calculated after excluding these cases. In the cycles with POD 12 hCG-β level <30.2 mIU/mL (cutoff for clinical pregnancy), the cutoff level of increase for clinical pregnancy was 2.85 with 70.0 % of sensitivity and 67.7 % of specificity (PPV 65.8 %, NPV 71.8 %, OR 4.900, P < 0.001). The cutoff of fold changes in cycles with POD 12 hCG-β level ≥30.2 mIU/mL was 2.56 with 73.6 % sensitivity and 72.4 % specificity (PPV 97.8 %, NPV 14.2 %, OR 7.255, P < 0.001). In regards of predicting live birth, a cutoff of fold change birth in the fresh cycles with POD 12 hCG-β level <40.5 mIU/mL was 2.87 with 71.4 % of sensitivity and 61.9 % of specificity (PPV 51.0 %, NPV 79.6 %, OR 4.058, P < 0.001). In pregnancies with POD 12 hCG-β level ≥40.5 mIU/mL, a cutoff for live birth was 2.79 with 61.8 % of sensitivity and 50.6 % of specificity (PPV 82.7 %, NPV 24.9 %, OR 1.579 P = .039) ( Table 3) .
In frozen cycles, increase was calculated with the exclusion of 13 cycles (increase fold ≤1). In the group with POD 12 hCG-β level <31.5 mIU/mL, the cutoff level of fold change for clinical pregnancy was 2.51 with 71.7 % of sensitivity and 65.3 % of specificity (PPV 69.1 %, NPV 68.1 %, OR 4.769, P < 0.001). The cutoff of cycles with POD 12 hCG-β level ≥31.5 mIU/mL was 2.38 with 81.6 % sensitivity and 71.4 % specificity (PPV 87.9 %, NPV 45.5 %, OR 6.044, P < 0.001). The pregnancies with POD 12 hCG-β level <43.5 mIU/mL, the cutoff of fold change for live birth was 2.72 with 65.5 % of sensitivity and 63.9 % of specificity (PPV 50.0 %, NPV 76.3 %, OR 3.211, P < 0.001). The cutoff of cycles with POD 12 hCG-β level ≥43.5 mIU/mL was 2.56 with 77.4 % sensitivity and 61.9 % specificity (PPV 87.6 %, NPV 44.1 %, OR 5.564, P < 0.001) ( Table 3 ). Figure 2 shows the distribution of pregnancy outcomes in groups divided with cutoff values of POD 12 hCG-β alone and sequential values. POD postovulatory day, AUC area under receiver operating characteristic curve, PPV positive predictive value, NPV negative predictive value, OR odds ratio
Discussion
Few data exist regarding the predictability of early hCG levels and its fold change on pregnancy outcome of ART cycles based on embryonic age. Our data shows that in both fresh and frozen cycles, the hCG-β levels on POD 12 and 14 were significantly higher in pregnancies resulting in live birth compared to those of non-viable pregnancies such as biochemical or early pregnancy losses, which was consistent with previous studies [31, 32] . The proportions of live birth were similar between fresh and frozen cycles; however, the POD 12 and 14 hCG-β levels of frozen cycles were higher in each pregnancy outcome than those of fresh cycles. Contradictory to our results, higher hCG-β levels in early pregnancies after fresh cycles as compared to frozen cycles have been previously reported [31] . The other report also demonstrated the mean of hCG-β levels after fresh cycle were higher than after frozen cycles; however, the mean hCG-β levels between these two groups were not significantly different when pregnancies were stratified according to pregnancy outcomes [32] . In our data mean hCG-β levels after frozen cycles were significantly higher than those after fresh cycles regardless of pregnancy outcomes. It is noteworthy that mid-trimester hCG-β levels in pregnancies achieved after frozen cycles are higher than those of fresh cycles [33, 34] . The differences in hCG-β levels among these studies could be explained by various factors including day of ET, embryo biopsy, method of fertilization, method of freezing and thawing, media of embryo culture and etiology of infertility, etc. [27, [35] [36] [37] . In our study, hCG-β levels were not affected by the embryonic age or the number of embryos transferred (data not shown). Interestingly, even with the different hCG-β levels in pregnancies achieved after fresh and frozen cycles, the fold change of hCG-β after frozen cycles was same as that of fresh cycles (data not shown).
Single and serial serum hCG-β values have been reported to be reliable predictive markers to assess pregnancy progression after ART cycles [2, 12, 13, 21, 25, 30, 38] . In this study, we investigated serial hCG-β levels on POD 12 and 14 to predict pregnancy outcome, which were significantly earlier than previous studies, in which hCG-β levels were tested on POD 15-19 [35, 39] . Furthermore, we investigated the fold change between POD 12 and 14, though others calculated the doubling time of hCG-β levels or interval increase in 7 days [21, 23, 40] . To reflect embryonic age, postoocyte retrieval day was adopted instead of using post ET day. Previous studies used post ET day with unexplained or mixed 2-, 3-, or 5-day-old ET data for the analysis; hence, it has a limitation to reflect exact embryonic ages [2, 23, 24, 31, 41] .
For the prediction of clinical pregnancy, our cutoff values were 30.2 mIU/mL on POD 12 and 70.5 mIU/mL on POD 14 in fresh cycles. Poikkeus et al. demonstrated hCG-β 76 mIU/ AUC area under receiver operating characteristic curve, PPV positive predictive value, NPV negative predictive value, OR odds ratio mL for predicting viable pregnancy, which had a sensitivity of 80 % and a specificity of 82 % when drawn 12 days after ET (POD 15) [24] . Similarly, hCG-β cutoff value for ongoing pregnancy on day 15 after oocyte fertilization (POD 15) was reported to be 78 mIU/mL for day 3 ET [35] , and hCG-β cutoff on day 14 of ET (POD [17] [18] [19] for the prediction of pregnancies beyond 12 weeks was reported to be 347 mIU/ ml with 72.2 % sensitivity and 73.6 % specificity [39] . Hence, our data tend to have a compatible POD 12 cutoff value but higher POD 14 cutoff values when considering hCG-β doubling time as 1.4-3.5 days [41, 42] . In the present study, the serial hCG-β levels and fold changes were analyzed as predictors for pregnancy outcome. Both POD 12 and 14 hCG-β cutoff values significantly predicted pregnancy outcome. In pregnancies with POD 12 hCG-β over its cutoff level, sequential application of the cutoff values for fold change Fig. 2 The distribution of pregnancy outcomes (biochemical pregnancy, clinical pregnancy, or live birth) in groups divided with cutoff values of POD 12 hCG-β alone and with the sequential application of hCG-β fold change. a Fresh IVF-ET cycles. b Frozen-thawed ET cycles significantly increased PPV for both clinical pregnancy and live birth in fresh cycles, higher than those of POD 12 or 14 hCG-β levels. Furthermore, the cycles with low POD 12 hCG-β levels in fresh cycles (<30.2 mIU/mL), PPV was significantly increased through sequential application of fold change. In frozen cycles, the sequential application of fold change increased the PPV for live birth, but not for clinical pregnancy. This may be due to a slower increase of hCG-β during early pregnancy after frozen cycles as compared to fresh cycles. In order to validate our cutoff values, we reviewed medical records of IVF cycles from January 2012 to December 2014 at the IVF Clinic of Cheil General Hospital, Department of Obstetrics and Gynecology, Dankook University, Seoul, Korea. A total of 1663 cycles including 1004 fresh and 659 frozen cycles which sufficed the inclusion criteria of this study were analyzed. A sequential application of cutoff values predicted a clinical pregnancy with PPV 96.5 % and a live birth with PPV 59.7 % in fresh cycles. In frozen cycles, the sequential application predicted a clinical pregnancy with PPV 95.4 % and a live birth PPV 71.3 % (Supplemental Table 1 ).
In this study, we excluded multiple pregnancies since twin pregnancy showed higher hCG-β levels, and the levels of monochorionic twin pregnancies were significantly lower than those of dichorionic twin pregnancies [23] . However, there are inherent limitations since biochemical pregnancies can be multiple gestation, ectopic, heterotopic, or genetically abnormal pregnancies, and early pregnancy losses may have abnormal karyotypes, which have decreased or increased hCG-β levels. Age was significantly different among biochemical pregnancy, early pregnancy loss, and live birth groups; however, inclusion of age in the AUC of the prediction model did not improve the outcome.
As far as we understand, this is the first report to analyze the sequential application of cutoff values for prediction of pregnancy outcome. Our data demonstrated a sequential application of cutoff values for POD 12 hCG-β, and its fold change significantly improved a predictability of pregnancy outcome as compared to POD 12 hCG-β alone, and even if the initial serum hCG-β level on POD 12 is lower than the cutoff, the clinical pregnancy can be expected when the fold change is greater than its cutoff. Application of this sequential data to clinical practice could aid the early prediction of pregnancy outcome, and appropriate and timely counseling of patients. Particularly, earlier prediction of pregnancy outcome could provide appropriate reference to health care providers to establish a treatment plan for recurrent pregnancy losses or implantation failures [43] [44] [45] , initiate earlier management of high risk pregnancies, and precise follow-up of abnormal pregnancies. Therefore, early pregnancy biomarkers such as POD 12 hCG-β level and its fold change based on embryonic age could provide a predictive and appropriate reference to both health care providers and patients and assist earlier management and precise follow-up of women with abnormal or high risk pregnancies.
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